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Abstract. Optical CCD imaging and spectroscopic observations of three supernova remnants are presented. Optical 
emission from G 54.4—0.3 and G 59.8+1.2 is detected for the first time, while the first flux calibrated CCD images 
of the supernova remnant G 126.2+1.6 were performed in the optical emission lines of Ha + [N n], [O ill] and [S n]. 
A mixture of filamentary and diffuse structures is observed in G 54.4—0.3 and G 59.8+1.2, mainly in Ha + [N n], 
' while the deep optical images of G 126.2+1.6 reveal several new filamentary and diffuse structures inside the 

. extent of the remnant as defined by its known radio emission. In all cases, the radio emission is found to be well 

correlated with the optical filaments. [O ill] emission was not detected at G 54.4—0.3 and G 59.8+1.2 while in 
G 126.2+1.6, significant morphological differences between the low and medium ionization images are present 
suggesting incomplete shock structures. Deep long-slit spectra were taken at different positions of the remnants. 
Both the flux calibrated images and the long-slit spectra clearly show that the emission originates from shock- 
heated gas, while some spectra of G 126.2+1.6 are characterized by large [Oiii]/H/3 ratios. This remnant's [Om] 
flux suggests shock velocities into the interstellar "clouds" between 100 and 120 km s _1 , while the [Om] absence 
O [■ in the other two remnants indicates slower shock velocities. For all remnants, the [S ll]AA 6716/6731 ratio indicates 

electron densities below 600 cm _3 with particularly low densities for G 54.4—0.3 (below 50 cm -3 ). Finally, the Ha 
emission has been measured to be between 3.0 to 15.2 x 10 -17 erg s -1 cm -2 arcsec -2 , 3.2 x 10~ 17 erg s -1 cm -2 
arcsec -2 and between 6.5 to 16.8 x 10~ 17 erg s" 1 cm -2 arcsec" 2 for G 54.4-0.3, G 59.8+1.2 and G 126.2+1.6, 
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1. Introduction Q1989[l an d Fiirst et al. <|1984[) and a spectral index of 0.5- 

. . . , . 0.6 was established. Optical filaments which coincide with 

lhe majority ol the galactic supernova remnants bNRs , . , ,. . . ,, , -,. 

, • , -n i 7 i • i • • i-i the brightest radio emission on the west part of the rcm- 

have been identified by their synchrotron emission while , , , , , , , . , rrTOm, n j 

Pi1 i i i. i.i r nant have been detected by Blair et al. (1980), Rosado 

some of the remnants have been discovered m the soft X- ^ and Fesen et ^ js|] while Xilourig ^ ^ ( lg93 , 

rays and m the optical band. Optical emission line obser- , , ., » ,,,, ~7vr TT i • t^n r 

J , r r,i,r^ i i , ,„ , ,„ . . ... presented a wide held Ha + JN n image (26 x 40 ). In par- 

vations oi SNRs show that the b n /Ha ratio is typically . , , , r r 

. . . . . : . ticular, imaging and spectroscopy ol one ol trie filaments 

higher than ^0.4, while m photoiomzcd nebulae the ratio r , , . , , J H ji 0A t ,. , 

i , i n o n wn • i i „,„,.,. » , ,. • , ,■ were performed by Blair et al. (1980) suggesting a large 

drops below 0.3-0.4 (Smith et al. 119931) . Additional line rr . i /XJO ,. , ., n , ttttoti c j i i 

r 1 ' O in I/Hp ratio, while Rosado ( 1982) was found relatively 

ratios are used m doubtful cases. , . , , „, , . . „ , rc i , ,. 

brignt nlamentary emission m Ha ana [b II , extending 

The galactic supernova remnant G 126.2+1.6 was dis- r , , * , , , cl 

f f . ,-i further to the north and south oi the already known fil- 

covered in a 1420 MHz radio continuum survey by Reich rr\ i ■ c ^ , , c ^ 

i, aments. IOIII images of the west part of the remnant 

et al. (1979), where it appears as a large but not well de- , , , ■ , , ^ , , 1 4 aaai r^i 

, "! — fr~*' „„, . ,. s - , . ... were also obtained by besen et al. (1983). Ihcsc images 

hncd shell (^68 m diameter) ot low surface brightness. , c . , . . , . , r/. ,• 

v ' snow lamt emission wnicn appear correlated with tnc radio 
Radio observations were also performed at 408, 865, 1410, . . , , . ^ A na n . A a . , . c , 
1 ,„„„, m ^ . , , jrmr™ T , emission along the western rim. G 126.2+1.6 is classihcd 
2700 and 4850 MHz by Reich et al. (2003), Joncas et al. 6 , , , , ro itt1 . . 
J _ ' ' ' as an old remnant which still shows strong [O III] emission 

Send offprint requests to: P. Boumis, e-mail: (Raymond [1984JI. 
ptb@astro .noa.gr 



2 



P. Boumis et al.: Deep optical observations of the SNRs G 54.4-0.3, G 59.8+1.2, G 126.2+1.6 



The extended shell-type remnant G 54.4—0.3 was first 
identified by Holden & Caswell fiMfy during their 178 
MHz radio survey. Several radio observations have been 
performed (Junkes et al. 1992a and references therein) 
showning its non-thermal nature, a spectral index of ~0.4 
and a nearly circular shell (with a gap near the north-east 
boundary) . A distinct radio shell of ^40'diameter with a 
gap in its eastern part is seen in the radio maps of Junkes 
et al. jl992a). They also performed CO observations and 
suggested a lower distance of ~3 kpc to G 54.4—0.3. IRAS 
and high resolution CO observations of the surrounding 
region (Junkes et al. I1992b|l show an OB-association, a 
complex of H n regions and a CO-shell, all at a distance 
of ^3 kpc. They concluded that G 54.4—0.3 is associated 
with these objects and is part of an extended complex 
of young population I objects, where its progenitor star 
possibly was born. X-ray emission from G 54.4—0.3 and 
the surrounding region was detected by ROSAT (Junkes 
1996) which is nicely anti-correlated with the cold molec- 
ular gas. A hydrogen column density of 10 22 cm -2 and a 
plasma temperature of ~ 2 x 10 7 K were estimated from 
the thermal X-ray emission. 

G 59.8+1.2 was first detected by Reich et al. I|1988f> 
in the Effelsberg 2.7-GHz survey, while its radio image 
was published by Reich et al. (1990). It is classified as a 
supernova remnant with an incomplete radio shell, an an- 
gular size of ^20' x 16', and a spectral index of ^0.5 (Green 
2004). Radio surveys of the surrounding region, do not re- 
veal any pulsar to be associated with G 59.8+1.2. Neither 
of the last two remnants has been detected optically in 
the past. 

In this paper, we report the discovery of new faint op- 
tical filamentary and diffuse emission from G 54.4—0.3, G 
59.8+1.2 and G 126.2+1.6. We present Ha + [Nil] and in 
some cases [S n] and [O in] images which reveal filamen- 
tary and diffuse structures well correlated with the radio 
emission. Spectrophotometric observations of the bright- 
est filaments were also performed. In Sect. 2, we present 
information concerning the observations and data reduc- 
tion, while the results of the imaging and spectral obser- 
vations are given in Sect. 3, 4 and 5 for G 126.2+1.6, G 
59.8+1.2 and G 54.4—0.3, respectively. In the last section 
(Sect. 6) we discuss the physical properties of the super- 
nova remnants. 

2. Observations 

2.1. Imaging 

The observations were performed with the 0.3 m Schmidt- 
Cassegrain (f/3.2) telescope at Skinakas Observatory in 
Crete, Greece in July 7, August 27 & 28, September 23 
& 27, 2002 and June 25 & 26, 2003. The 1024x1024 (19 
/zm pixel) Thomson CCD camera was used resulting in a 
scale of 4" pixel -1 and a field of view of 70' x 70'. 

A series of exposures in Ha + [N n] , [O in] and [S n] 
each of 2400 s were taken during the observations, result- 
ing in different total exposure times depending on the ob- 



ject. The details of all imaging observations are given in 
Table The final images in each filter are the average of 
the individual frames. 

The image reduction was carried out using the IRAF 
and MIDAS packages. The astrometric solution for each 
field was calculated using reference stars from the Hubble 
Space Telescope (HST) Guide Star Catalogue (Lasker et 
al. H999|l . The spectrophotometric standard stars HR5501, 
HR7596, HR7950, and HR8634 (Hamuy et al. H55^ were 
used for absolute flux calibration. All coordinates quoted 
in this work refer to epoch 2000. 

2.2. Spectroscopy 

Low dispersion long-slit spectra were acquired with 
the 1.3 m Ritchey-Cretien (f/7.7) telescope at Skinakas 
Observatory in July 8, August 29, September 12, 2002 and 
June 29, July 3, 6 & 7, 2003. The 1300 line mm- 1 grat- 
ing was used in conjunction with a 2000x800 SITe CCD 
(15 /xm pixel) resulting in a scale of 1 A pixel -1 and cov- 
ers the range of 4750 A - 6815 A. The spectral resolution 
is ^8 pixels and ~11 pixels full width at half maximum 
(fwhm) for the red and blue wavelengths, respectively. 
The slit width is 7'.' 7 and in all cases was oriented in the 
south-north direction; the slit length is 7'9. Details about 
the coordinates of the slit centers, the number of spectra 
and their individual exposure times are given in Tabled 
The spectrophotometric standard stars HR5501, HR7596, 
HR9087, HR718, and HR7950 were observed to calibrate 
the spectra. 

3. The supernova remnant G 126.2+1.6 

3.1. The Ha + [N II] and [S n] emission line images 

Fig. shows the Ha + [Nil] image, where new faint emis- 
sion including the known filamentary structures, can be 
seen. In particular, the image shows several thin and 
curved filaments all present in the west, south-west and 
north-west areas of the remnant, while no emission is de- 
tected in the east. In Table El we list typical fluxes mea- 
sured in several locations within the field of G 126.2+1.6. 
The morphology seen in the [S n] filter is similar to that in 
the Ha + [Nil] and is not shown here. Both images being 
flux calibrated provide a first indication of the nature of 
the observed emission. An examination of the diagnostic 
ratio [Sii]/Ha shows that the emission from the bright- 
est part of the remnant originates from shock-heated gas 
since we estimate ratios [Sn]/Ha of 0.8-1.2, which are 
in agreement with our spectra measurements (Sect. 3.3). 
Each filter contribution was estimated using the method- 
ology of Mavromatakis et al. Ij2002b() . 

Morphologically, starting from the north 3X6 el ; 3 bright 
filament 2' long (named Fl in Fig.QJ is present which lies 
a few arcminutes to the west of the variable star HD 8003 
with its center approximately at a ~ l h 19 m 51 s and S ~ 
64°42'13". South-west of this filament appears a much 
fainter one (F2) at a ~ l h 18 m 58 s , S ~ 64°40'00" which 
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is up to 1' long. Further to the south-west, a prominent 
new bright structure which appears exactly to the north 
of the known optical filament in the west (Rosado ^982 ) . 
This structure (named F3, <~7' long, ~1'.2 wide) lies be- 
tween a ~ l h 18 m 22 s , 5 ~ 64°33'10" and a ~ l h 18 m 08 s , 
S ~ 64°28'41" has the same curvature and separated by 
a ~2' gap with the known west filament. A much more 
detailed image of the known optical emission can be seen 
in Fig. ^ The west structure consist of two main parts 
centered at a ~ l h 17 m 48 s , S ~ 64°25'58" (F4a) and a ~ 
l h 18 m 02 s , <5 ~ 64°22'53" (F4b) and separated by a few ar- 
cminutes. Diffuse emission is also present to the east and 
south of these structures. Another ~8' long filament (F5) 
which appears to the south has also the same curvature 
with the west filament and lies between a ~ l h 17 m 37 s , 
S ~ 64°16'55" and a ~ l h 17 m 50 s , S ~ 64°15'14". Diffuse 
emission appears along north and south of this filament. 
Finally, there are extremely faint new filaments (Area F6, 
-2-3') in the area between a ~ l h 17 m 58 s - l h 19 m 06 s and 
5 ~ 64°08' - 64° 12' which also seem to have the same 
curvature with the other filaments. 

3.2. The [0 m] emission line image 

The detected [O III] emission (Fig. EJ) appears more fila- 
mentary and less diffuse than in the Ha + [N n] image. In 
Table [21 typical [O in] fluxes are listed. Significant differ- 
ences between the Ha+ [N n] and [O in] images are present 
for most of the filaments. In particular, to the north in 
contrast to the 2' filament (Fl) found in Ha + [Nil], there 
is a new faint thin filament (Fin - 13' long) which lies 
between a ~ l h 19 m 56 s , 5 ~ 64°42'15" and a ~ l h 19 m ll s , 
S ~ 64°35'58" and follows the same curvature with the 
west filament. This new long filament is also very well 
correlated with the 4850 MHz radio map (Fig. . On the 
other hand, the new 7' bright Ha + [N n] filament (F3) 
does not have [O in] counterpart and at the same location 
only very faint diffuse emission is found. The known west 
structure F4 (detected in [Om] by Fesen et al. 1983) ap- 
pears also bright but thinner in [O in] than Ha + [N n] . 
The 8' filament F5 (detected in [O in] by Blair et al. 119801 
Fesen et al. QjP83_) displays a different morphology between 
the lower ionization lines of Ha + [N n] and [S n] and the 
medium ionization line of [O in] where it is much brighter 
and better defined. Finally, A similar situation appears 
both in [O in] and Ha + [N n] in the areas where weak and 
diffuse emission is found. 

3.3. The optical spectra from G 126.2+1.6 

The deep low resolution spectra were taken on the rela- 
tively bright optical filaments at two different locations 
(Table 0}. I n Table [31 we quote the relative line fluxes 
taken from the above locations (designated Area I and 
II). In particular, in Area I, we extracted two different 
apertures (la and lb) along the slit that are free of field 
stars and include sufficient line emission to allow an accu- 



rate determination of the observed lines. The background 
extraction apertures were selected towards the north and 
south ends of each slit depending on the filament's po- 
sition within the slit. The measured line fluxes indicate 
emission from shock heated gas, since [S ll]/Ha ~1.0. The 
spectra indicate significant attenuation of the optical ra- 
diation but given the low counting statistics we cannot 
attribute the extinction variations to intrinsic absorption 
of the object. The signal to noise ratios do not include 
calibration errors, which are less than 10 percent. 

The absolute Ha flux covers a range of values, 
from 6.5 to 16.8 x 10~ 17 erg s _1 cm -2 arcsec" 2 . The 
[Sn]AA 6716/6731 ratio which was calculated between 
1.1 and 1.4, indicates electron densities between 30 to 
400 cm~ 3 (Osterbrock 1989). However, taking into ac- 
count the statistical errors on the sulfur lines, we calcu- 
late that electron densities up to 600 cm~ 3 are allowed 
(Shaw & Dufour IT995|1 . Furthermore, as noted above, H/3 
emission was detected in the spectra of Area lb and II 
while in filament of Area la only an upper limit is given. 
However, measurements for the [O in] /H/3 ratio result in 
values larger than 30 (Area I) and less than 6 (Area 
II). Theoretical models of Cox & Raymond (1985) and 
Hartigan et al. I|1987f) suggest that for shocks with com- 
plete recombination zones this value is —6, while this limit 
is exceeded in case of shock with incomplete recombina- 
tion zones (Raymond et al. 1198811 . Our measured values 
suggest, in Area I that shocks with incomplete recombi- 
nation zones are present, while in Area II shocks with 
complete recombination zones. Therefore, according to our 
measurements and the above theoretical models the esti- 
mated shock velocities are ~100 km s _1 and —120 km s _1 
for Area II and I, respectively. 

3.4. Observations at other wavelengths 

Several radio observations of G 126.2+1.6 have been per- 
formed in the past (see Sect. 1 for detail). The optical fil- 
aments match very well the radio emission of G 126.2+1.6 
at 1410 MHz (Reich et al. IT375|l and 4850 MHz (Furst et 
al. I1984f) . suggesting their association (Fig. [31). Note that 
a first indication of such correlation was made by Blair et 
al. I|1980|l who drawn a sketch locating their optical [O in] 
filaments with respect to the radio contours at 1400 MHz. 
The area of G 126.2+1.6 was observed by ROSAT dur- 
ing the All-Sky survey but no emission was detected. A 
small part of the remnant was in the field of view of a 
ROSAT pointed observation (RP400291N00). The image 
of this observation reveals extended emission (~7'.5xl5') 
centered at l h 21 m 52 s , 64°32'50". The typical flux of this 
structure is — l.lxlO -3 cts s _1 arcmin -2 and seems to be 
present both in the 0.5-1.0 keV and the 1.0-2.4 keV bands. 
However, it may be difficult to correlate this emission to 
G 126.2+1.6 because it is located close to the edge of the 
field of view of the PSPC (—51' from the center). The 
IRAS maps have also been searched at 12, 25, 60 and 100 
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fim but no features which might suggest an interaction of 
the supernova remnant with an IR source were found. 



4. The supernova remnant G 59.8+1.2 

4.1. The Ha + [N n], [Sn] and [Om] emission line 
images 

Optical filamentary and diffuse emission is detected for a 
first time for this remnant. The major characteristic re- 
vealed from the Ha + [Nil] image (Fig. 0} seems to be 
the low surface brightness of G 59.8+1.2. Weak, diffuse 
emission is present in the south, south-east and central 
areas of the remnant, while no emission is detected in 
the north. The most interesting region lies in the west, 
where a complex filamentary structure exists (between a 
~ 19 h 38 m 30.7 s , S ~ 24°10'03" and a ~ 19 h 38 m 08.2 s , S 
~ 24°15'38"), which is very well correlated with the ra- 
dio emission. This bright filament extends for —8' in the 
west, south-west. In Table we present typical average 
fluxes measured in several locations within the field of G 
59.8+1.2 including an unknown Hn region which is lo- 
cated south and south-east of the remnant. In contrast 
to the previous results, diffuse emission was mainly de- 
tected in the [S n] emission line image, while no signifi- 
cant emission was found in the image of the [O in] medium 
ionization line. We did not detect [S II] emission where 
most of the Ha + [N n] emission was found but only where 
the bright west filament appears. Therefore, the [Sn] and 
[O in] images are not shown here. Table El lists typical 
[S n] and [O in] (3-<r upper limits) fluxes measured in dif- 
ferent parts of the remnant. A deeper study of these im- 
ages shows that the emission from the brightest part of 
the remnant (west filament) originates from shock heated 
gas since we estimate a ratio [S n]/Ha —0.4-0.6, while a 
photoionization mechanism acts in the south-east region 
([Sll]/Ha -0.2-0.3). 

Assuming that the east filaments belong to the rem- 
nant, their geometry allows us to approximately define its 
diameter. In particular, two possibilities will be examined. 
If the east border of the remnant is defined by the outer 
filament at a ~ 19 h 39 m 53.0 s , S ~ 24°19'51", then a di- 
ameter of 22' x 20'. 5 can be derived with its center at a 
~ 19 h 39 m 04 s , S ~ 24°17'15", while if the inner filament 
at a ~ 19 h 39 m 31.0 s , 5 ~ 24°15'35" defines the remnant's 
east border then its diameter is 19' x 16' with the centre 
now to be at a ~ 19 h 39 m 00 s , S ~ 24°14'18". Note that 
the latter optical angular size is in very good agreement 
with the value of —20' x 16' given in Green's catalogue 
(Green 2004). However, the larger angular diameter can- 
not be excluded since the infrared emission (Sect. 4.3) is 
in agreement with the larger diameter value, X-ray emis- 
sion has not been detected so far and the radio shell is 
incomplete. 



4.2. The spectra of G 59.8+1.2 

A low resolution spectrum was taken at a bright area (see 
Table 1 for position details) among the diffuse emission 
seen in the Ha + [Nil] image, which coincides with the 
non-thermal radio emission. The selected aperture and 
background are chosen using the same criteria as for G 
126.2+1.6 (Sect. 3.3). The measured fluxes are given in 
Table 3. The [S Il]/Ha ratio of 0.68 shows that the optical 
radiation originates from shocked gas. [O in] emission was 
not detected while the very weak H/3 emission suggests 
significant interstellar attenuation of the optical emission. 
Using the latter emission, the upper limit of the interstel- 
lar extinction c(H/3) is 1.85. The absence of [Om] emis- 
sion can be explained by slow shocks (< 70 km s _1 ) since 
the presence of higher velocities shocks would produce de- 
tectable [O in] emission. Furthermore, the H/3 emission 
upper limit and the absence of [O in] , result in values 
of the [O in] /H/3 ratio of less than 1. This suggests that 
shocks with complete recombination zones are likely to be 
present. The absolute Ha flux was measured to be 3.2 x 
10™ 17 erg s™ 1 cm™ 2 arcsec" 2 . The [Sn]AA 6716/6731 ratio 
which was calculated to 1.06, indicates electron densities 
to 470 cm™ 3 according to the task "temden" in the nebular 
package in IRAF (Shaw & Dufour 1995) . However, taking 
into account the statistical errors on the sulfur lines, we 
calculate that electron densities as low as 380 cm -3 and 
as high as 580 cm™ 3 are allowed. 

4.3. Observations at other wavelengths 

The optical emission matches very well the radio emis- 
sion of G 59.8+1.2 at 4850 MHz, suggesting their correla- 
tion (Fig.QJ. The observed filament is located close to the 
outer edge of the radio contours but the low resolution 
of the radio images does not allow us to determine the 
relative position of the filament with respect to the shock 
front. In order to explore how the infrared emission corre- 
lates with the optical emission, IRAS resolution-enhanced 
(HiRcs; Aumann et al. H990[) images at 60 /im of the same 
area were examined. Fig. [5] shows a deep greyscale rep- 
resentation of the optical emission shown in Fig. 01 with 
overlapping contours of the infrared emission (60 ^m). IR 
emission correlated with G 59.8+1.2 is found towards the 
south and west. The bright emission in the south-east co- 
incides with the optical emission therefore an association 
cannot be ruled out, and especially in the case of a larger 
diameter remnant (Sect. 4.1). Finally, X-ray emission was 
not detected in the ROSAT All-sky survey. 

5. The supernova remnant G 54.4—0.3 

5.1. The Ha + [Nil], [Sn] and [O in] emission line 
images 

Optical emission from G 54.4—0.3 is detected for the first 
time as for G 59.8+1.2. The Ha + [Nil] image (Fig. EJ 
shows filamentary but also diffuse emission mainly in the 
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west edge. The morphology of the [Sn] image is gen- 
erally similar to, though not as bright as, that of the 
Ha + [N n] image and is not shown here, while no signifi- 
cant [O in] emission was found. The flux calibrated images 
of Ha + [N n] and [S il] provide a first indication to the 
nature of the observed emission (see Table 2). A study in 
different parts shows that the emission from the west area 
originates from shock heated gas since ratios [S n] /Ha of 
~0.6-0.7 were found, while measurements of very faint 
emission to the north and south of the remnant's edge 
show a ratio [Sn]/Ha of ~0.4-0.5 and ~0.3-0.4, respec- 
tively. It is possible that a photoionization mechanism acts 
in these areas. 

5.2. The long-slit spectra from G 54.4—0.3 

The low resolution spectra cover the west (Area Ia-c), 
north (Area II) and south (Area III) parts of the rem- 
nant (their exact positions are given in Table 1). Spectra 
from Areas I & II suggest that the detected emission orig- 
inates from shock heated gas ([Sn]/Ha ~ 0.6), while no 
significant emission was detected in Area III. In general, 
the spectra of G 54.4—0.3 show similar results with that 
of G 59.8—1.2 (Sect. 4.2) concerning the appearance of 
the H/3 and [Om] emission lines, hence the presence of 
slow shocks, strong interstellar extinction and complete 
recombination zones can be attributed. The Absolute Ha 
flux covers a range of values from 3.0 to 15.2 x 10" 17 erg 
s" 1 cm" 2 arcsec" 2 , while the [Sn]AA 6716/6731 ratio of 
1.03 (Area II) and 1.43 (mean of Area Ia-c) indicate low 
electron densities (up to « 500 cm -3 ). 

5.3. Observations at other wavelengths 

The newly discovered optical emission appears correlated 
with the radio map of G 54.4-0.3 at 4850 MHz (Fig.©. 
The IRAS (HiRes) images at 60 were also searched for 
emission features that could be correlated with the optical 
ones. The detected IR emission may not actually be in 
the area of the remnant but could be part of a complex 
region (OB-association, H n regions, CO-shell; Junkes et 
al. H992bjl . Archival ASCA data (Gotthelf l20DI)l have been 
used in order to investigate further the remnant's physical 
properties. G 54.4—0.3 was observed by the ASCA satellite 
on October 14-16, 1994 with the GIS3 detector covering 
the energy band of 0.5-10 keV. Three sets of ASCA data 
pointed toward the centre, north and southwest portion of 
the remnant were jointed to create the final mosaic (Fig. 
Ej. Diffuse X-ray emission is present in the area of this 
remnant correlates well with the optical emission found 
to the west. 

6. Discussion 

The supernova remnants G 59.8+1.2 and G 54.4-0.4 
are among the least observed remnants in optical wave- 
lengths while the G 126.2+1.6 new optical data improve 



the knowledge we had so far concerning its physical prop- 
erties. 

6.1. G 126.2+1.6 

This remnant shows up as an incomplete circular shell in 
optical and radio wavelengths. Faint diffuse X-ray emis- 
sion is also detected in the area but its relation to G 
126.2+1.6 is not clear. Our images show the known emis- 
sion and reveal more new filamentary and diffuse struc- 
tures. The new filament detected in the north, north-west 
is very well correlated with the radio emission. The cali- 
brated images as well as the long-slit spectra suggest that 
the detected emission results from shock-heated gas. This 
remnant may belong to the group of remnants which dis- 
play partially strong [O in] emission like e.g. CTB1 (Fesen 
et al. HM7|l . G 114.3+0.3 (Mavromatakis et al. I2()()2aj) . 
G 17.4-2.3 (Boumis ct al. EOOity . The morphological dif- 
ferences between the low and medium ionization lines 
(Sects. 3.1, 3.2) suggest the presence of significant inhomo- 
geneities and density variations in the preshock medium 
(Hester 1987)- Despite the low emission detected at H/3, 
an estimation of the [O in] /H/3 ratio suggest values greater 
than 30 (Area I) and less than 6 (Area II). Large [O in] /H/3 
ratios are not unusual, since they have been measured by 
Fesen et al. (|1983t and Mavromatakis et al. ( 200213) in G 
65.3+5.7 indicating shocks with incomplete recombination 
zones to be present. The observed variation in the abso- 
lute line fluxes could be due to variations of the interstellar 
cloud densities, shock velocities or intrinsic absorption. 

A hydrogen column density Nh between 7.8 and 9.4 x 
10 21 cm -2 is given by Dickey & Lockman ( 199DJ) in the 
direction of the optical filaments. Using the statistical re- 
lation of Predehl & Schmitt (1995), we obtain an Nh of 
5.0 x 10 21 cm -2 and 8.3 x 10 21 cm" 2 for the minimum and 
maximum c values calculated from our spectra (Table 13), 
respectively. Furthermore, using the Eb-v value adopted 
from the SFD code (Schlegel et al. [TMSjl an N H of 
7.9 x 10 21 cm" 2 was calculated. Both values (our spec- 
tra and SFD) are consistent with the estimated galactic 
Nh considering the uncertainties involved. 

Joncas et al. (1989) argue that the distance to G 
126.2+1.6 is most likely to lie in the range 2 to 5 kpc. 
Blair et al (1980) suggested that a missing hole of Hi ly- 
ing at 2.4 + 0.4 kpc could correspond to the ionized volume 
of G 126.2+1.6. Following Dopita (1979), a lower limit to 
the preshock density (magnetic fields not included) can be 
estimated as no > 13.3 cm" 3 and the energy of the SN ex- 
plosion is then E 51 > 0.26 D^ pc — 7 x 10 51 ergs. Inputting 
all of these results into a standard Sedov model (see, e.g., 
the Appendix of Claas et al. 1989) yields the shock speed 
of ~ 100 km s _1 and postshock temperature of 5 x 10 5 K. 

At this temperature, the cooling time is short so the 
shock should be approximately isothermal; the density 
constrast between the postshock (n\ = 200 cm -3 ) and 
preshock gas (no — 13 cm" 3 ) in an isothermal shock 
is related to the Mach number by M2 — jii/uq = 15 
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whereas the relation for an adiabatic shock is simply 
nx/nQ = 4 (Dyson & Williams 1997). If the shock were 
non-magnetized and fully isothermal then M2 would be 
at least 100 for a 100 km s" 1 shock. The value of Ml ~ 15 
could imply that the shock is not quite isothermal which 
would be somewhat surprising given that this is a large 
evolved remnant. If a strong ordered magnetic field was 
present in the preshock gas then the swept up magnetic 
field would limit the total compression in the postshock 
gas (Raymond et al. [1988) in those directions where the 
field lines were originally parallel to the shock front. 

6.2. G 59.8+1.2 

The newly discovered filamentary and diffuse structures 
towards this remnant show up as incomplete circular 
structures in the radio, optical and infrared emission. X- 
ray emission has not been detected so far. They provide 
a first evidence on the nature of the emission in the area 
of the remmant suggesting that this emission originates 
from shock-heated gas resulting from the interaction of 
the primary blast wave with interstellar "clouds" . A new 
filamentary structure, unknown up to now, has been de- 
tected in the low ionization image of Ha + [N n] to the 
south-east of G 59.8+1.2. However, the [Sli]/Ha ratio 
suggest that it is an Hn structure without any relation 
to this remnant (Table 2). It is also situated well outside 
the radio contours of the remnant. The spectrum of G 
59.8+1.2 indicates that the observed shock structures are 
complete since the [O m]/H/3 < 6 (Raymond et al.|l988). 
The absence of soft X-ray emission may indicate a low 
shock temperature and/or a low density of the local inter- 
stellar medium. The failure to detect X-ray emission and 
the high interstellar extinction prevents the determination 
of the local ISM density and explosion energy. The [O III] 
flux production depends mainly upon the shock velocity 
and the ionization state of the preshocked gas. The ab- 
sence of [O in] emission cannot help to determine whether 
slow shocks travel into ionized gas or whether faster shocks 
travel into neutral gas (Cox & Ravmond ll985f) but we can 
exclude moderate or fast shocks overtaking ionized gas. 

Since there are no reliable H/3 measurements for this 
remnant, we adopt the statistical relation of Predchl 
& Schmitt l|1995f) . using an Eb-v calculated from the 
SFD code. Hence, we obtain an Nh between 1.2 and 
2.8 xlO 22 cm" 2 . Furthermore, according to the FTOOLS 
command "nh" (Dickey & Lockman 1990), a total galac- 
tic Nh value of 1.3 xlO 22 cm -2 is measured. However, it 
is worth mentioning that using the upper limit of c(H/3), 
calculated from our spectrum, we calculate an Nh > 2.5 
x 10 22 cm -2 which is in agreement with the above calcu- 
lations. 

Infrared emission (HiRes 60 /im) is found in the area of 
G 59.8+1.2. In Fig. [SJ the optical emission is shown with 
contours of the IRAS emission where it can be seen that 
dust is clearly associated with the remnant (Fig.^J). A cor- 
relation between the non-thermal radio emission and the 



infrared is expected (Saken et al.|1992). It is also known 
that the major, if not the primary, contribution to the 
infrared emission is from shock-heated interstellar dust 
swept-up by the supernova shell. Infrared emission is more 
sensitive to highly evolved remnants, because it can detect 
shock-heated and radiatively-heated dust in the shells of 
older remnants. The latter, usually have weak radio, op- 
tical, UV and X-ray emission due to low shock velocities 
but still relatively bright infrared emission (Shull et al. 
I1989|) . If this case applies to G 59.8+1.2, then it could be 
suggested that it is an evolved remnant. 

6.3. G 54.4-0.4 

Like G 59.8+1.2, optical emission is detected for the first 
time for this remnant. The optical emission cannot de- 
fine its shape whilst an almost circular structure can be 
adopted from its non-thermal radio emission. Both opti- 
cal and radio emission do not uniquely identify the na- 
ture of the detected emission, however, the optical obser- 
vations suggest the existence of shock-heated structures. 
The [S n]/Ha ratio of ~ 0.6 could be explained by a lower 
ionization state of the preshocked gas and/or a stronger 
magnetic field fRavmond 119841 Cox & Raymond I1985fl . 
Almost all ratios of [Sn]AA 6716/6731 are close to the up- 
per end of the allowable range of values suggesting very 
low electron densities (< 50 cm -3 ). This fact along with 
the absence of the [O in] emission, the shock modelling of 
Hartigan et al. l|1987fl and Raymond et al. Q1988() point 
to shock velocities of < 90 km s" 1 (probably around 70-80 
km s _1 ) and low preshock clound densities, of the order 
of a few atoms per cm . 

The interstellar extinction is not accurately deter- 
mined due to the low significance of the H/3 flux. However, 
the lower limits on c(H/3), which are derived from our 
spectra, suggest an area of high interstellar extinction. A 
value for Nh between 2.9 and 4.0 xlO 22 cm -2 is calcu- 
lated from our data, while the SFD code and the FTOOLS 
command "nh" , result in values of 1.3-3.3 x 10 22 cm -2 and 
1.5 xlO 22 cm -2 , respectively. Junkes 0996) using the soft 
X-ray emission towards G 54.4—0.3, calculated a hydro- 
gen column density of 10 22 cm' 2 . Therefore, a value be- 
tween 1.0 and 4.0 xlO 22 cm" 2 could be suggested for this 
remnant. The X-ray emission from G 54.4—0.3 and the 
surrounding region shows a nice anti-correlation with the 
cold molecular gas (CO; ,Tunkes ir996[> . Diffuse X-ray emis- 
sion is also detected by ASCA in the area of the remnant 
(Fig. 0) which correlates well with the optical emission 
found in the west. 

IRAS and high resolution CO observations of the 
surrounding region (Junkes et al. I1992b|) show an OB- 
association, a complex of H II regions and a CO-shell, all 
at the same distance and an association was made with 
G 54.4—0.3 suggesting that it is part of an extended com- 
plex of young population I objects, where its progenitor 
star possibly was born. According to Chu l|1997[) . when a 
supernova event occurs in a hot, low-density medium as 
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is probably the case, X-ray diffuse emission is expected to 
be present. This is the case for supernovae with massive 
stars progenitors which are usually formed in groups, such 
as OB associations. Therefore, the current X-ray, optical, 
radio and CO information give rise to the possibility that 
this remnant lies within an OB association. 

7. Conclusions 

Three supernova remnants were observed in major optical 
emission lines. Emission was discovered for the first time 
in G 59.8+1.2 and G 54.4—0.3, while previously unknown 
filamentary and diffuse structures have been discovered 
in G 126.2+1.6. In all cases, the optical emission is well 
correlated with the non-thermal radio emission while in- 
frared emission which might be related to the remnants 
was found only in G 59.8+1.2. Diffuse X-ray emission 
(ASCA) is also detected in the area of G 54.4—0.3 which 
probably associates with the optical line emission, while 
in the case of G 126.2+1.6, X-Ray (ROSAT) emission was 
also found in the area but in order to reach definite con- 
clusions about its association to the remnant, new X-ray 
observations are needed. No X-ray emission was detected 
in the area of G 59.8+1.2. The images and the long-slit 
spectra indicate that the emission arises from shock heated 
gas. 
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Table 1. Imaging and Spectral log. ' 
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b Number of images obtained. 
c Number of spectra obtained. 



Table 2. Typically measured fluxes over the brightest fil- 
aments. 



Fig. 1. The field of G 126.2+1.6 in the Ha + [Nil] filter. 
Labels F1-F6 define the areas discussed in the text in more 
detail. Note that Fin defines the area of the new [O in] 
filament which can be seen clearly in Fig. [21 The image 
has been smoothed to suppress the residuals from the im- 
perfect continuum subtraction. Shadings run linearly from 
erg s _1 cm~ 2 arcsec" 
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Fig. 2. The field of G 126.2+1.6 in the [Om] filter. The 
image has been smoothed to suppress the residuals from 
the imperfect continuum subtraction. Shadings run lin- 
early from to 18 x 10" 
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4 In units of 10~ 17 erg s _1 cm~ 2 arcsec~ 2 . 

5 The logarithmic extinction is derived by c = l/0.348xlog((Ha/H/3) obs /2.85). 
Numbers in parentheses represent the signal to noise ratio of the quoted fluxes. 



DEC 




lhJSm UiSIm Ihffln lhXlm IhJSm 

HA 



Fig. 3. The correlation between the [O III] emission and 
the radio emission at 1400 MHz (dashed line) and 4850 
MHz (solid line) for G 126.2+1.6 is shown in this fig- 
ure. The 1400 MHz and the 4850 MHz radio contours 
scale linearly from 1.1 xl0~ 3 to 0.01 Jy/beam (resolution 
45"x45") and 7xl0~ 3 to 0.1 Jy/beam (7'x7') 5 respec- 
tively. 
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Fig. 4. The correlation between the Ha + [N n] emission 
of G 59.8+1.2 and the radio emission at 4850 MHz (solid 
line) is shown in this figure. The image has been smoothed 
to suppress the residuals from the continuum subtraction. 
Shadings run linearly from to 120 x 10~ 17 erg s _1 cm~ 2 
arcsec~ 2 . The 4850 MHz radio contours scale linearly from 
2.0xl0- 2 Jy/beam to 0.15 Jy/beam. 
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Fig. 5. The correlation between the deep negative 
greyscale representation of the Ha + [Nil] emission and 
the IRAS 60 fim (HiRes, white line) is shown in this fig- 
ure. The Ha + [Nil] image and the 60/^m contours scale Fig. 7. As Fig. but with the X-Ray ASCA at 0.5-10 
linearly from to 90 x 10~ 17 erg s^ 1 cm~ 2 arcsec -2 and ke V (contour) emission of G 54.4-0.3. The X-Ray con- 
from 8 to 40 MJy/sr, respectively. tours scale linearly from 2.1 xl0~ 4 Jy/beam to 3.5xl0~ 4 

Jy/beam. 
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Fig. 6. As Fig.Hbut for G 54.4-0.3. Shadings run linearly 
from to 50 x 10~ 17 erg s _1 cm" 2 arcsec -2 . The 4850 
MHz radio contours scale linearly from 3.5 x 10~ 2 Jy/beam 
to 0.25 Jy/beam. 



